; however, it is difficult to apply these results to the United States because particulate matter levels in these countries have typically been much higher than in the United States. Second, the results of previous studies among adults suggest vulnerable individuals, such as the elderly and people with preexisting cardiovascular or respiratory conditions, are more susceptible to effects from exposure to particulate air pollution than the rest of the population (9) . Because of their high mortality rates, infants, particularly those born prematurely, may also fall into this group of susceptible individuals. Last, studies have found associations between particulate air pollution and respiratory illness in children (10, 11) .
Many studies of adults have examined the association of particulate air pollution with overall adult mortality as well as with specific causes of mortality (9, 12) . However, such an inclusive approach may not be appropriate for an analysis of air quality and mortality among infants. A majority of infant deaths are unlikely to be influenced by air pollution levels because they occur too soon after birth (13) or are due to causes clearly intrinsic to the infant, such as congenital anomalies (14) . To focus only on infant deaths that may plausibly be associated with particulate air pollution, we examined the relationship between exposure to particulate air pollution and selected causes of postneonatal mortality in the United States. Postneonatal death (death of an infant over 27 days of age) is thought to be influenced more by the infant's external environment than is mortality earlier in infancy (15) . In keeping with the previously demonstrated relationship between particulate air pollution and childhood respiratory illness (10, 11) , an association between particulate air pollution and postneonatal mortality from respiratory causes can be postulated. Similarly, because several studies have suggested that sudden infant death syndrome (SIDS) is associated with exposure to environmental tobacco smoke (16, 17) , a potential association between SIDS and particulate air pollution is plausible.
Daily time-series analyses are commonly used to evaluate the relationship between short-term exposure to particulate air pollution and adult mortality. This method is not appropriate for an analysis of postneonatal mortality and pollution because of the small numbers of infants who die in a specific location over a short period of time. In adults, cohort analyses of specific cities or areas have been used to examine associations between mortality and chronic or long-term exposure to particulate matter. While this general approach may be feasible for a similar analysis among infants, geographically limited cohort analyses will also lack power due to small numbers.
The national-linked birth/infant death records provide a unique database for the examination of particulate air pollution and infant mortality. The birth certificate portion of each record contains individual level information on parental risk factors for infant mortality, while the death certificate portion contains data on the cause and time of death. Thus, potentially important confounders can be controlled for in the evaluation of the relationship between particulate air pollution and infant mortality. The purpose of this study is to examine the relationship between chronic exposure to particulate air pollution and postneonatal mortality from all causes, from respiratory causes, and from SIDS in the United States.
Methods
In this study, we combined infant mortality data from the National Center for Health Statistics (NCHS) with air quality data from the EPA. Information on infant outcome and maternal and infant characteristics was obtained from the NCHS-linked birth/infant death data files for 1989-1991, the most recent period for which those data were available (18 PM1O exposure for each infant was based on PM10 levels in the infant's MSA of residence at the time of birth. For this study, an infant's exposure was considered to be the mean of the PM1O levels for the first 2 months of life. Two months was chosen as the exposure period because all infants in the study had PM1O exposure for the month of birth and at least part of the next month. The alternative, defining exposure as the average of the PM10 levels over an infant's entire lifetime, leads to an overestimate of the influence of PM10 on mortality because of declines in PM1O levels in the United States over time. For instance, two infants born in the same month in the same MSA will have identical exposures for the first 2 months of life. If one of the infants should die in his second month and one should survive infancy, the survivor will have a lower overall exposure because of the decreasing secular trend. Thus, the surviving infant will appear to have a lower exposure, even though the infants had identical exposure up to the first infant's death, resulting in an artificially high estimate of the association between PM1O and mortality.
For categorical analyses, infants were categorized as having low, medium, or high PM10 exposure depending on whether their 2-month mean exposure was in the bottom one-third, middle one-third, or top onethird of the range of exposures. The overall range of infant exposures was 11.9-68.8 pg/m3. To minimize the influence of outliers, the top and bottom 1% of exposures were not used in the determination of PM1O exposure category. The resulting low, medium, and high exposure ranges were <28.0, 28.1-40.0, and >40.1 pg/n .
The outcome of interest in this study, postneonatal mortality, was defined as the death of an infant between 1 month and 1 year of age. The postneonatal mortality rate was calculated as the number of postneonatal deaths per 1,000 infants who survived the neonatal period (birth through 1 month). To Postneonatal mortality rates were calculated within each of the three pollution categories for each outcome. Logistic regression was used to adjust for potential confounding variables (20, 21) . These variables were obtained from the birth certificate portion of the NCHS file and include maternal education (<12 years, .12 years), maternal race (black, white, other), parental marital status, and maternal smoking during pregnancy (no, yes). Separate models were run with PM1O levels entered as a categorical variable and as a continuous variable.
Past studies of factors associated with perinatal outcome have shown a differential effect of demographic characteristics, such as education, on outcome for black infants and white infants (19, 22) . Accordingly, interaction terms were added to the logistic regression models to assess potential effect modification. Neither substantial nor significant (all p-values >0.2) differential effect by race was observed. Infants with information missing for any of the other variables (e.g., maternal education) were excluded from the analysis. Approximately 7% of infants were excluded because of missing data.
Climate is also a potential confounder in this analysis because temperature may be related to the risk of postneonatal death (SIDS, in particular) and air quality. Monthly temperatures throughout the study for each MSA were obtained from the National Center for Climactic Research, University of Delaware. For each infant, the average temperature during the first 2 months of life (analogous to the calculation of PM1O exposure) was entered into the logistic models.
The date of birth may also have confounded the relationship between mortality and particulate matter in this analysis because both infant mortality and PM1O levels decreased during the study period. To control for this possibility, a variable accounting for each infant's month and year of birth was entered into the logistic models.
Results
A total of almost 4 million infants residing in 86 MSAs were included in this analysis (Table 1) . Thirty-six percent of all infants were in the low exposure category, 15% had high PM1O exposure, and the remaining 49% of infants were in the middle exposure category. Infants with high exposure were the most likely to have low maternal education and unmarried parents and to have been exposed to maternal smoking during pregnancy.
Overall postneonatal mortality increased with increasing PM1O levels, from 3.1 in the low pollution category to 3.7 in the high category ( Table 3 show the relative change in risk of death associated with a 10 pg/m3 increase in PM10 level after adjustment for confounding variables. Overall postneonatal mortality increased by 4% for each 10 pg/m3 rise in PM10. SIDS among normal birth weight infants increased by 12% for each 10 /m3 increase in PMIO.
Postneonatal respiratory mortality among normal birth weight infants increased 20% and respiratory-related causes (2, 3, 12) . Also, a number of studies have reported positive associations between respiratoryrelated morbidity and particulate matter (23) (24) (25) . In particular, several studies report an association between respiratory effects in children and both short-term and longterm exposure to PM10 (10, 11, 26 (2, 28, 29) . Also, PM10 levels are different, but correlated, between indoors and outside (2, (28) (29) (30) . By limiting this study to postneonatal mortality, we hoped to minimize the influence of mortality among infants who never leave the hospital between birth and death and therefore may not have been exposed to the monitored levels of PM10. The indusion of SIDS should further assure a population of infants that is exposed to the ambient environment because the diagnosis of SIDS is limited to essentially healthy infants who have no medical reason to be confined to the indoors.
There is a high correlation between indoor and outdoor levels of fine particulate matter, defined as particles of 2.5 pm or less (PM2 5) (28, 29) . The relationship between PM2 5 and adult mortality was examined in both the Harvard Six City study (4) and the American Cancer Society study (5) this association is needed, the results of this study, combined with results from studies examining air pollution and morbidity among children, suggest that continued attention must be paid to the nation's air quality to ensure the optimal health of infants and children in the United States.
